This paper presents a 5-axis motion sensor that can detect 3-axis acceleration and 2-axis angular rate capacitively. This sensor is fabricated by SOI bulk-micromachining, and is sealed vacuum by anodic bonding and activation of the non-evaporated getters. By applying Z-axis reference vibration of a proof mass with an electrostatic force at resonant frequency, 5-axis motions can be detected capacitively at non-resonant detection mode.
This sensor is designed for resonant drive and non-resonant detection for suppression of the mechanical coupling. Although it is disadvantageous for high sensitive detection, the non-resonant detection mode has an advantage of low mechanical coupling. It is also favorable that extreme high precise fabrication process is not necessary.
The sensor structure is shown in Fig. 1 . The sensor consists of three layers that are a glass, an SOI(Silicon On Insulator) and a glass. The inner cavity is sealed vacuum by anodic bonding and activation of the non-evaporated getters in order to prevent the squeezed film damping effect. A silicon proof mass, located in the center of the sensor, is suspended by a cross shape silicon beam that is formed in an active silicon layer of the SOI wafer. Each glass layer has five electrodes on the surface of inside. The silicon pillars around the mass are fixed on Glass-2 for interconnection of the electrodes on both glass wafers to the electrodes through the glass holes.
The static acceleration characteristics in the cases of electrostatic drive and non-drive conditions were investigated by rotating along each axis under gravitational 1G. Applying 5Vpp+6Vos to electrodes T0 and B0 carried out the electrostatic reference vibration. 3-axis acceleration characteristics are summarized in Table 1 .
The angular rate characteristics were measured by making a half rotation of a turntable with a reference gyro sensor setting nearby. The electrostatic resonant drive was carried out under the same condition indicated in a previous section. Measured 2-axis angular rate characteristics are summarized in Table 2 .
We have developed a new 5-axis motion sensor fabricated by SOI bulk-micromachining using deep RIE and vacuum anodic bonding processes. We have achieved stable detection of 3-axis acceleration and 2-axis angular rate. Measured sensitivity of the 3-axis acceleration and the 2-axis angular rate are over 270mV/G and over 6mV/[deg/s], respectively. And, we proposed the design technique of the 5-axis motion sensor from FEM analysis result of resonant frequency. 
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